INTRODUCTION
============

It is well-known that albumin is synthesized in the liver. Serum albumin is a major component of serum protein, which sustains osmotic pressure or transports many kinds of substances or hormones to organs. Serum albumin level can be lowered by decrease in synthesis (cirrhosis or some inflammatory diseases), leakage outside the body (nephrotic syndrome, severe burns or protein-losing enteropathy), or malnutrition.

Several prospective studies have reported that low albuminemia was associated with risks of mortality or cardiovascular diseases^[@r01]--[@r07]^; however, the mechanism has not been clear enough. As for serum albumin levels, there is one simple question if dietary protein intake is associated with serum albumin levels in a general population without extreme malnutrition. Solution of this question might be one of clues to solve the mechanism between serum albumin and adverse health. Accordingly, we cross-sectionally investigated in the representative Japanese the association between dietary protein intakes and serum albumin levels.

METHODS
=======

Study subjects
--------------

The National Survey of Circulatory Disorders, Japan (NSCDJ) and the National Nutrition Survey, Japan (NNSJ) are periodically conducted for same participants (NSCDJ: every 10 years, NNSJ: every year) in the randomly sampled subjects from all the Japanese.^[@r08],[@r09]^

In 1990, both these national surveys were conducted to the 10 956 same subjects who lived in the randomly selected 300 areas from Japan. Among them, 8926 subjects participated in the surveys (participation rate: 81%). Finally, a total of 7715 subjects (3220 men and 4495 women, aged 30 years or more) with measurement of serum albumin and nutrient intake data remained for the present analysis.

The cohort study of NSCDJ in 1990 (NSCDJ90) is referred to as NIPPON DATA 90 (the National Integrated Project for Prospective Observation of Non-communicable Disease And its Trends in the Aged). Details of NIPPON DATA 90 were previously described elsewhere.^[@r10]--[@r12]^

Data collection in NSCDJ90
--------------------------

Public health nurses obtained information on cigarette smoking, alcohol drinking, or medication for hypertension.^[@r08]^ Blood pressure was measured using a standard mercury sphygmomanometer on the right arm of seated participants after a sufficient period of rest. Non-fasting blood samples were obtained and the serum was separated and centrifuged soon after blood coagulation. Plasma samples were also obtained in a siliconized tube containing sodium fluoride. These samples were shipped to a unique laboratory (SRL, Tokyo, Japan) for blood measurements. The serum albumin was analyzed with the bromcresol green method.

Data collection in NNSJ in 1990
-------------------------------

Since nutrient intakes were estimated at the NNSJ in 1990 (NNSJ90) by each household with food weighing method,^[@r09]^ those of each household member were estimated by proportionally dividing household intake data of NNSJ90, based on average intakes by sex and age groups calculated from NNSJ in 1995. The details of the estimation for individual nutrient intakes are described in another paper.^[@r13]^ Intakes of total protein, and animal or vegetable protein were calculated as g per day and caloric densities in g/1000 kcal.

Statistical analysis
--------------------

Serum albumin level was divided into three groups by its tertile to compare the characteristics. One-way analysis of variance for continuous variables and chi-square test for categorical variables were used for comparison among groups. Multiple-adjustments were performed with linear regression models to estimate association between serum albumin levels and animal or vegetable protein intake; Model 1 including age, animal and vegetable protein intake, Model 2 including variables in model 1 plus body mass index (BMI), Model 3 including variables in model 2 plus total cholesterol. In addition, as sensitivity analyses, current cigarette smoking and current alcohol drinking were added to the model 1 as dichotomized variables, and daily animal or vegetable protein intake per energy intake of 1000 kcal was entered into the model 2, instead of animal or vegetable protein intake as g per day. Adjusted coefficient of determination (adjusted *R*^2^) was also calculated. All *P*-values were 2-tailed and the significance level was *P* \< 0.05. The statistical package SPSS 12.0J for Windows (SPSS, Tokyo, Japan) performed these analyses.

RESULTS
=======

Average protein intake (total, animal and vegetable), BMI, and serum albumin levels were shown by age groups and sex (Table [1](#tbl01){ref-type="table"}). All of these variables differed significantly among age groups, and serum albumin levels decreased with age, especially more clearly in men. Regardless of sex, total, animal and vegetable protein intake is lowest in 70 years or more. BMI is higher in 40--49 years in men and in 50--69 years in women than other age groups. Prevalence of low albuminemia of 38 g/L or less were very low in both sexes; men: 2.2% (*n* = 70), women: 1.7% (*n* = 77) (table not shown).

###### Averages in protein intakes (total, animal, vegetable), serum albumin levels and body mass index by age groups and sex, 1990, Japan

  -----------------------------------------------------------------------------------------------------------
  Men         Protain intakes (g/day)   Serum albumin\   BMI\                                    
                                        (g/L)            (kg/m^2^)                               
  ----------- ------------------------- ---------------- ------------- ------------ ------------ ------------
  30--39      606                       88.7 (18.1)      45.8 (13.4)   42.9 (8.7)   46.9 (2.5)   22.9 (3.0)

  40--49      767                       93.1 (18.1)      49.2 (13.8)   43.8 (8.5)   45.8 (2.7)   23.5 (2.9)

  50--59      737                       96.8 (20.6)      50.4 (15.5)   46.4 (9.5)   44.6 (2.5)   23.3 (2.8)

  60--69      662                       87.2 (18.2)      43.5 (13.4)   43.9 (9.1)   43.4 (2.7)   22.6 (3.1)

  70--        448                       78.1 (17.7)      38.4 (12.9)   39.8 (8.9)   42.2 (2.7)   22.0 (3.1)

  *P* value                             \<0.001          \<0.001       \<0.001      \<0.001      \<0.001

                                                                                                 

                                                                                                 

                                                                                                 

  Women       Protain intakes (g/day)   Serum albumin\   BMI\                                    
                                        (g/L)            (kg/m^2^)                               

                                                                                                 

  Age         *n*                       Total            Animal        Vegetable                 

                                                                                                 

  30--39      976                       71.9 (13.0)      37.0 (9.9)    34.9 (6.3)   44.9 (2.6)   21.8 (3.0)

  40--49      1097                      78.2 (15.3)      41.1 (11.4)   37.1 (7.2)   44.4 (2.4)   22.8 (3.1)

  50--59      967                       78.1 (16.8)      39.7 (12.3)   38.5 (8.1)   44.4 (2.5)   23.4 (3.2)

  60--69      847                       72.6 (16.3)      35.6 (11.5)   37.1 (8.2)   43.9 (2.5)   23.4 (3.5)

  70--        608                       64.3 (14.2)      31.0 (10.3)   33.5 (7.1)   42.5 (2.7)   22.8 (3.4)

  *P* value                             \<0.001          \<0.001       \<0.001      \<0.001      \<0.001
  -----------------------------------------------------------------------------------------------------------

*P* values were calculated between age groups with one-way anova.

Parentheisis means standard deviation.

BMI means body mass index.

Average protein intake (total, animal and vegetable) per energy intake of 1000 kcal were shown (Table [2](#tbl02){ref-type="table"}). In both sexes, total protein intake per energy intake was highest in 50--59 years, and vegetable protein intake per energy intake increased with age and was highest in 70 years or more. Animal protein intake per energy intake was higher in 40--59 years than other age groups.

###### Averages in protein intakes (total, animal, vegetable) per energy intake of 1000 kcal by age groups and sex, 1990, Japan

  Men         Protain intakes(g/1000 kcal)                             
  ----------- ------------------------------ ------------ ------------ ------------
  30--39      606                            37.2 (4.3)   19.3 (4.5)   18.0 (2.0)
  40--49      767                            38.8 (4.6)   20.5 (4.7)   18.2 (2.2)
  50--59      737                            39.7 (5.0)   20.6 (5.0)   19.0 (2.3)
  60--69      662                            38.9 (4.8)   19.4 (4.9)   19.6 (2.5)
  70--        448                            39.3 (5.1)   19.3 (5.4)   20.1 (2.7)
  *P* value                                  \<0.001      \<0.001      \<0.001
                                                                       
                                                                       
                                                                       
  Women       Protain intakes(g/1000 kcal)                             
                                                                       
  Age         *n*                            Total        Animal       Vegetable
                                                                       
  30--39      976                            38.3 (4.2)   19.7 (4.4)   18.6 (2.1)
  40--49      1097                           39.9 (4.8)   21.0 (4.8)   19.0 (2.3)
  50--59      967                            40.7 (5.1)   20.7 (5.2)   20.1 (2.4)
  60--69      847                            40.3 (5.2)   19.7 (5.2)   20.6 (2.6)
  70--        608                            39.9 (5.3)   19.2 (5.3)   20.8 (2.6)
  *P* value                                  \<0.001      \<0.001      \<0.001

*P* values were calculated between age groups with one-way anova.

Parentheisis means standard deviation.

The characteristics by tertile of serum albumin levels were shown (Table [3](#tbl03){ref-type="table"}). In both sexes, averages in age, total energy intake, total cholesterol, total and animal protein intakes per day, and proportion of current alcohol drinker differed significantly among categories of serum albumin levels. Animal or vegetable protein intake per energy intake of 1000 kcal also differed significantly among categories. No significant difference was observed in vegetable protein intake regardless of sex. Average BMI differed significantly only in men, and increased with serum albumin levels. In addition, average animal and vegetable protein intake were lower in low-albuminemia (albumin level of 38 g/L or less) than normal-albuminemia in both sexes, although difference for animal protein in women was not significant (table not shown).

###### Comparison of characteristics by tertiles of serum albumin levels and sex, 1990, Japan

  Men                              Serum albumin (g/L)   *P*-value                   
  -------------------------------- --------------------- ------------- ------------- ---------
  *n*                              1080                  1231          909            
  Age (years)                      62.1 (12.2)           51.9 (12.0)   44.7 (10.8)   \<0.001
  BMI (kg/m^2^)                    22.3 (2.9)            23.2 (3.1)    23.4 (2.9)    \<0.001
  Total cholesterol (mg/dL)        188 (35)              201 (35)      209 (37)      \<0.001
                                                                                     
  Total energy intake (kcal/day)   2254 (484)            2351 (465)    2372 (413)    \<0.001
  Protein (g/day)                  87.3 (19.7)           91.0 (20.0)   91.3 (18.5)   \<0.001
   Animal (g/day)                  44.0 (14.1)           47.0 (14.8)   47.6 (14.3)   \<0.001
   Vegetable (g/day)               43.4 (9.6)            43.9 (9.2)    43.7 (8.4)    0.41
  Protein (g/1000 kcal)            38.9 (4.6)            38.9 (5.0)    38.6 (4.8)    0.31
   Animal (g/1000 kcal)            19.6 (4.8)            20.1 (5.0)    20.1 (4.9)    0.02
   Vegetable (g/1000 kcal)         19.4 (2.5)            18.8 (2.4)    18.5 (2.3)    \<0.001
                                                                                     
  Current alcohol drinker (%)      53.1                  58.2          63.5          \<0.001
  Current cigarette smoker (%)     54.0                  55.2          57.4          0.30
                                                                                     
                                                                                     
                                                                                     
  Women                            Serum albumin (g/L)   *P*-value                   
                                                                                     
                                   31--43                44--45        46--54        
                                                                                     
  *n*                              1768                  1368          1359           
  Age (years)                      56.3 (14.5)           51.6 (13.3)   48.3 (12.4)   \<0.001
  BMI (kg/m^2^)                    22.8 (3.3)            22.8 (3.3)    22.8 (3.3)    0.96
  Total cholesterol (mg/dL)        201 (39)              208 (38)      213 (38)      \<0.001
                                                                                     
  Total energy intake (kcal/day)   1841 (383)            1868 (364)    1892 (344)    \<0.001
  Protein (g/day)                  72.7 (16.3)           74.3 (16.2)   75.0 (15.0)   \<0.001
   Animal (g/day)                  36.4 (11.5)           37.9 (12.0)   38.5 (11.3)   \<0.001
   Vegetable (g/day)               36.3 (7.9)            36.4 (7.6)    36.6 (7.1)    0.57
  Protein (g/1000 kcal)            39.6 (4.9)            39.9 (4.9)    39.8 (5.0)    0.30
   Animal (g/1000 kcal)            19.8 (5.0)            20.3 (5.0)    20.4 (5.0)    0.003
   Vegetable (g/1000 kcal)         19.9 (2.5)            19.6 (2.6)    19.5 (2.4)    \<0.001
                                                                                     
  Current alcohol drinker (%)      4.8                   7.9           7.8           \<0.001
  Current cigarette smoker (%)     9.4                   8.0           10.7          0.05

Averages are shown except for current alcohol drinker and cigarette smoker.

Parentheisis means standard deviation.

BMI means body mass index.

The association between serum albumin levels and animal or vegetable protein intake was estimated by multiple linear regression models (Table [4](#tbl04){ref-type="table"}). In model 1 and model 2, animal protein was positively associated with serum albumin levels, although the coefficients of animal protein were very small. On the other hand, there is no clear association observed between vegetable protein and serum albumin levels. Regardless of sex and models, age was inversely associated with serum albumin levels with statistically significance. Standardized coefficients of age were considerably larger in both sexes than other variables. BMI was positively associated with serum albumin levels in model 2, but adjustment for BMI in model 2 hardly altered the coefficients of animal or vegetable protein intake, compared to those in model 1. Adding current cigarette smoking and current alcohol drinking to model 1, or entering animal or vegetable protein intakes per 1000 kcal into the model 2, instead of animal or vegetable protein intakes, did not change the results of animal or vegetable protein intake so much. Adjustment for total cholesterol in model 3 attenuated the association between animal protein intake and serum albumin level. Any of adjusted coefficients of determination in these models were relatively small, especially in women.

###### Association beween serum albumin levels and protein intakes (animal, vegetable) with multiple linear regression by sex, 1990, Japan

                                        Men                                                                                                
  ------------------------------------- ------------------------------------------------------- ---------------- ------------------------- -----------
  Age (10 years)                        −1.18                                                   −1.24 to −1.11   −0.52                     \<0.001
  Animal protein (1SD, 14.5 g/day)      0.11                                                    0.01 to 0.20     0.04                      0.03
  Vegetable protein (1SD, 9.2 g/day)    −0.06                                                   −0.16 to 0.03    −0.02                     0.19
                                        Adjusted coefficient of determination (*R*^2^) = 0.28                                              
                                                                                                                                           
  Model 2                               coefficient                                             95% CI           Sandardized coefficient   *P* value
                                                                                                                                           
  Age (10 years)                        −1.15                                                   −1.22 to −1.08   −0.51                     \<0.001
  BMI (1SD, 3.0 kg/m^2^)                0.34                                                    0.25 to 0.43     0.11                      \<0.001
  Animal protein (1SD, 14.5 g/day)      0.09                                                    −0.01 to 0.18    0.03                      0.08
  Vegetable protein (1SD, 9.2 g/day)    −0.09                                                   −0.18 to 0.00    −0.03                     0.06
                                        Adjusted coefficient of determination (*R*^2^) = 0.29                                              
                                                                                                                                           
  Model 3                               coefficient                                             95% CI           Sandardized coefficient   *P* value
                                                                                                                                           
  Age (10 years)                        −1.14                                                   −1.20 to −1.07   −0.51                     \<0.001
  BMI (1SD, 3.0 kg/m^2^)                0.18                                                    0.09 to 0.27     0.06                      \<0.001
  Total cholesterol (1SD, 36.8 mg/dL)   0.61                                                    0.52 to 0.70     0.20                      \<0.001
  Animal protein (1SD, 14.5 g/day)      0.03                                                    −0.07 to 0.12    0.01                      0.55
  Vegetable protein (1SD, 9.2 g/day)    −0.06                                                   −0.15 to 0.03    −0.02                     0.21
                                        Adjusted coefficient of determination (*R*^2^) = 0.33                                              
                                                                                                                                           
                                                                                                                                           
                                        Women                                                                                              
                                                                                                                                           
  (Dependent variables)                 Independent variables: serum albumin (g/L)                                                         
                                                                                                                                           
  Model 1                               coefficient                                             95% CI           Sandardized coefficient   *P* value
                                                                                                                                           
  Age (10 years)                        −0.47                                                   −0.52 to −0.42   −0.25                     \<0.001
  Animal protein (1SD, 11.6 g/day)      0.10                                                    0.02 to 0.18     0.04                      0.02
  Vegetable protein (1SD, 7.6 g/day)    0.03                                                    −0.05 to 0.11    0.01                      0.50
                                        Adjusted coefficient of determination (*R*^2^) = 0.07                                              
                                                                                                                                           
  Model 2                               coefficient                                             95% CI           Sandardized coefficient   *P* value
                                                                                                                                           
  Age (10 years)                        −0.48                                                   −0.54 to −0.43   −0.26                     \<0.001
  BMI (1SD, 3.3 kg/m^2^)                0.14                                                    0.06 to 0.22     0.05                      \<0.001
  Animal protein (1SD, 11.6 g/day)      0.09                                                    0.01 to 0.17     0.04                      0.02
  Vegetable protein (1SD, 7.6 g/day)    0.02                                                    −0.06 to 0.10    0.01                      0.66
                                        Adjusted coefficient of determination (*R*^2^) = 0.07                                              
                                                                                                                                           
  Model 3                               coefficient                                             95% CI           Sandardized coefficient   *P* value
                                                                                                                                           
  Age (10 years)                        −0.62                                                   −0.68 to −0.56   −0.33                     \<0.001
  BMI (1SD, 3.3 kg/m^2^)                0.03                                                    −0.05 to 0.10    0.01                      0.44
  Total cholesterol (1SD, 38.8 mg/dL)   0.65                                                    0.58 to 0.73     0.25                      \<0.001
  Animal protein (1SD, 11.6 g/day)      0.04                                                    −0.04 to 0.12    0.02                      0.34
  Vegetable protein (1SD, 7.6 g/day)    0.03                                                    −0.05 to 0.11    0.01                      0.41
                                        Adjusted coefficient of determination (*R*^2^) = 0.12                                              

CI means confidence interval. BMI means body mass index.

DISCUSSION
==========

In the present study, very weak positive association between animal protein and serum albumin level was observed. On the other hand, substantially strong relation between age and serum albumin level was also observed. Compared to age, associations of animal protein intake or BMI were very small, and coefficients of animal protein after adjustment for age were also considerably small. Accordingly, association between animal protein and serum albumin level might be essentially small even if it is statistically significant.

Adjustment for BMI did not change the results so much, and coefficients of BMI were also small. Although BMI was considered as one of markers of nutrition status, present results suggested BMI did not work as a strong confounding factor in the association between animal protein and serum albumin level. There are few individuals with extreme malnutrition or very low BMI in Japan recently; and the range of BMI are relatively narrow as a whole. Accordingly, BMI might not be a marker of nutrition status at least in the general population.

A few studies reported the interaction between cholesterol and albumin level in the relationship between serum albumin levels and mortality, disease incidences or activities of daily living,^[@r14]--[@r16]^ although the interaction is also still controversial. In present analyses, adjustment for total cholesterol considerably attenuated the association between animal protein intake and serum albumin level, and the association of total cholesterol with albumin was strong next to age. Cholesterol is synthesized mainly in the liver as well as albumin, and both albumin and cholesterol reflects liver synthesis function. Accordingly relatively strong relation between them is reasonable. Adjustment for total cholesterol means adjusting liver synthesis function, so the attenuation of the association between animal protein intakes and serum albumin levels in model 3 might be reasonable because protein intake is also a part of albumin synthesis pathway in the liver.

The present study had several limitations. First, some prospective studies reported the possibility of existence of the threshold of low albuminemia in relation with adverse health status.^[@r03]--[@r06],[@r14]--[@r16]^ However, since prevalence of low albuminemia, such as albumin level of 38 g/L or less in the present analyses was very low, it was difficult to investigate the threshold of serum albumin levels. Second, detailed medical histories of each subject that might influence on serum albumin levels or protein intakes were unknown, such as nephrotic syndrome or liver cirrhosis. Third, the nutritional data of each household member is indirectly estimated on the basis of other reference data, so the nutritional data might not accurately reflect the individual nutrition intake. The possibility of unknown influence of this method on the present results could not be completely excluded.

In conclusion, present analysis indicated the possibility that animal protein intake was related with serum albumin levels, while vegetable protein intake was not related. Further investigation was needed to estimate the association between protein intakes and serum albumin levels, considering the above mentioned limitations.
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